Abstract. At present, a subject of great interest for the scientific community is to obtain automatic systems for counting and identifying organisms responsible for red tides. Nevertheless, there are key problems that affect the results in the correct identification and quantification, such as image background (detritus, lighting variation in the microscope), variation in cell sedimentation in the observation field, natural morphological variation of the species in a sample, intra-and interspecific problems, and organism fragmentation. These problems are quantified by means of digital analysis of the phytoplankton organisms' image diffraction patterns. Quantification was accomplished by analyzing the results of the image diffraction pattern correlations and the image correlations. The results showed that the use of diffraction patterns in the identification of six Ceratium species overcomes the numerous noise problems mentioned above.
Introduction
Monitoring phytoplankton in coastal regions is becoming more necessary due to the fortuitous blooming of noxious algae which can damage the environment as well as the health of mollusk consumers. The problem of identifying phytoplankton with higher efficiency and speed, and with a minimum identification error is hardly solved due to the experience that the specialists must have for this practice. Thus, researchers have taken care in applying new techniques that allow the identification of these organisms with greater ease.
In the 1970s, Dr Silverio Almeida's group applied for the first time the transformation of some diatoms through the use of Fourier images (Almeida et al., , 1978 Cairns et al., 1972; Almeida and Eu, 1976; Fujii and Almeida, 1979a,b; Fujii et al., 1980) . These studies proved the usefulness of diffraction patterns (Cairns et al., 1982) . However, none of these studies analyze in detail the problems that are encountered during the recognition process, such as the invariance in the localization of the organisms within the image, the background noise problem generated by bodies foreign to the organism that are found in an image (detritus, inorganic particles, etc.) , and the morphological variation of the species, among others, which in one way or another modify the frequencies information that form the image, generating erroneous identifications.
A group of researchers in Plymouth, UK, proposed the use of neuronal systems and multivariate analysis for biological pattern recognition (Simpson et al., 1992; Culverhouse et al., 1994 Culverhouse et al., , 1996 . This method has been proved with dinoflagellates and tintinnid silhouette drawings, and recently with photographic images of 23 dinoflagellate species. These images have been used only to observe the natural morphological variation of the species and the detritus effect as polluting agent. The use of artificial intelligence in phytoplankton species identification is one way of solving the large sample identification problem, but more research is required to enable the design of a complete system that can be currently used (Culverhouse et al., 1996) . Silhouettes of Ceratium species for comparison of size and shape have been published by Steidinger and Tangen (1996) . In this paper, the technique based on diffraction patterns for the identification of five phytoplankton species of Ceratium genus was taken, with the purpose of making a much deeper analysis. The aim of this work is to quantify, by means of the correlations of image diffraction patterns, each one of the problems that appear in the species recognition, such as lighting, detritus, cell sedimentation position, natural variation of the organisms of a species in a seawater sample from one location, and variation in identification when the organism is segmented. The contribution of this study is the quantification of each one of the problems mentioned above, which the species recognition processes present, based on its diffraction patterns and its respective comparison in the quantification of these same problems based on the images.
The first particular objective is to determine correlation indices between the image diffraction patterns (R 2 1 ) and between the images directly (R 2 2 ). The hypothesis is that R 2 1 > R 2 2 . The fulfillment of this hypothesis will allow the basis for the advantage of using or not using the diffraction patterns inside an automated identification system for phytoplankton species.
The second particular objective is to determine the association among the species of one subgenus by means of the image diffraction patterns (A 1 ), and directly between the images (A 2 ). The hypothesis is that A 1 > A 2 .
The third particular objective is to determine the correlation indices of the diffraction patterns between species of one subgenus (R 2 pd1abc… ), and between another subgenus (R 2 pd2abc… ). The hypothesis is that (R 2 pd1abc… ) > (R 2 pd2abc… ) when a subgenus (pd1) in particular is analyzed.
On the other hand, the phytoplankton species which are composed of plates, when collected with a net, filtered or centrifuged, can be fragmented due to their fragility, and since these organisms were alive at the time of harvesting, they must be quantified. Therefore, the fourth particular objective is to determine the correlation indices among the image diffraction patterns (R 2 F1 ) and among the images directly (R 2 F2 ), when these are fragmented. The hypothesis is that (R 2 F1 ) < (R 2 F2 ). This hypothesis completion will allow us to know which cell fraction best characterizes the species.
Method

Species used: genus Ceratium
The analysis was made with six species of the genus Ceratium belonging to three subgenera: Ceratium, Tripoceratium and Amphiceratium (Sournia, 1986; Balech, 1988) .
The Ceratium subgenus specimens used in this work were C.furca (Ehrenberg) (Balech, 1988, p. 131, plate 59, Figures 4-6) and C.pentagonum (Gourret) (Balech, 1988, p. 129, plate 56, Figures 15 and 16) . These species are characterized by an apical horn attached to their epitheca; both antapical horns are straight and directed backward, parallel or with a small divergence; one shorter than the other. The difference between these two species is that the epitheca gradually decreases in C.furca, extending itself to the apical horn of the cell. The epitheca edges are straight or slightly concave, and the antapical horns are well developed. On the other hand, in C.pentagonum, there is a difference between the epitheca and the apical horn, and the body presents a pentagonal form.
Three species of the Tripoceratium subgenus were studied: C.macroceros (Ehrenberg) (Balech, 1988 , plate 5, Figure 10 ), C.tripos (O.F. Muller) (Balech, 1988, p. 138, plate 58, Figures 1-6) and C.dens (Ostenfeld and Schmidt) (Balech, 1988, p. 197, plate 69, Figures 3, 4 and 5) . A cell with an apical horn epitheca, no fusiform cells, antapical horns with equal or different length and a straight base characterizes this subgenus. If it forms a concave surface with the posterior part of its hypotheca and backward and outward antapical horns, the specimen is C.macroceros. The species C.tripos has a convex base. Its antapical horns are not leveled or digitized. Its epitheca has no protuberances. One of its antapical horns does not follow the contour of the body. The apical horn has no appendix or has a very small one, and the antapical horns are curved and then straight, generally ending parallel to the apical horn or diverging from it. Ceratium dens has a body of varied size and shape, sometimes nearly higher than wider, but occasionally the width evens and may exceed the length. This species is characterized by antapical horns that direct outward, without curving perceptibly forward like in C.tripos and in another species of the Tripoceratium subgenus. Generally, the development of these horns is nearly different from one to another even though sometimes the difference is too small; both, especially the right one, can appear very reduced or rudimentary.
The third subgenus analyzed was Amphiceratium, characterized by organisms with an apical horn epitheca, long and narrow cells, fusiform aspect, and only one developed antapical horn; C.fusus (Ehrenberg) (Balech, 1988, p. 132, plate 54, Figures 5, 6 and 8) . It presents a straight apical horn or one slightly curved to one side, its epitheca without dilatation and one of its antapical horns missing or rudimentary.
Five phytoplankton species were collected by a conical net from Todos Santos Bay, Ensenada, BC, México, between latitude 31°41ЈN to 31°56ЈN and longitude 116°34ЈW to 116°51ЈW (C.furca, C.pentagonum, C.macroceros, C.tripos, C.fusus) and the species C.dens was collected from Mazatlán Sin., México, between latitude 23°11ЈN to 23°15ЈN and longitude 106°25ЈW to 106°29ЈW. These net samples Identification of Ceratium species by diffraction pattern were preserved in 4% formaldehyde solution neutralized with sodium borate (Throndsen, 1978) . A subsample of 0.30 ml was taken from each sample and diluted by the addition of 0.7 ml of clean water on a Sedgwick-Rafter counting slide (Guillard, 1978) . Each subsample was then immediately placed under the microscope and photographed to identify the species present.
Image digitalization
The images were captured with a Photometrics Star I camera system, consisting of a scientific-grade CCD (charge-coupled device) camera (resolution 384 ϫ 576 square pixels) and stored as digital images on a McIntosh IIcx computer used to control directly a Star I camera system which uses an IEEE-488 interface with the National Instruments NB-GPIB NuBus board and IPlab Spectrum™ program. All images were clipped from 384 ϫ 576 pixels to 256 ϫ 256 pixels for editing and processing.
Image processing
Background problem. With 30 images from 10 C.furca organisms, it was proceeded to the fulfillment of three background conditions: 10 of normal intensity (taken automatically by means of a video camera device) and with detritus present (original condition, 0); 10 images where the detritus was removed and the lighting intensity was varied until finding a clear image (condition A) and 10 images where the lighting intensity was varied until finding a dark and contrasted image (condition B). The images and their diffraction patterns were correlated and clustered statistically.
Intraspecific problems. The study of the intraspecific problems was applied to two species (C.furca and C.dens), ventral versus dorsal.
To determine whether there was a significant difference, the results obtained from the image correlations and from the diffraction pattern correlations of the organisms that presented a ventral front versus dorsal front were compared. Only the organisms that were found in these two positions were chosen, due to the fact that when a water column sediments, 98% of these organisms fall in any of these two positions (this result is based in the previously made observation of 1000 organisms before the experiment, taken from different seawater samples, unpublished data). In this analysis, 16 images of organisms in dorsal view and 24 images of organisms in ventral view were processed.
The degree of natural variation of each species was analyzed using the organisms' image correlations and the image diffraction pattern correlations. In this process, seawater samples were analyzed where a set of 200 microscope fields were selected randomly. The organism image present in each field was obtained. In total, 100 C.furca and 100 C.dens were obtained. The diffraction pattern of each image was obtained. Afterwards, the images and the diffraction patterns were correlated separately and the results were clustered by the nearest neighbor method (Zupan, 1982) .
Interspecific problems. With 200 organisms of two species, C.furca and C.dens, 100 of each species, the images and their respective diffraction patterns were correlated separately. Subsequently, each of the results was clustered in dendrograms.
In order to observe the interspecific discrimination of the images and of the diffraction patterns of the six species previously described, an organism image of each species was selected. Afterwards, the image correlation and the respective diffraction pattern correlation were obtained, to be clustered separately later.
Species identification using cell fragments
To observe the possibility of identifying the species starting from fragmented specimens, six organism images were selected, one of each species; these were written in binary form in such a way that the pixel value was only 255 inside each organism image and 0 outside. Every image representing each species was fragmented as follows.
Case 0. Original image.
Case I. The information from the antapical horn was segmented, observed to the right of the images.
Case II. The information from the antapical horn was segmented, observed to the left of the images.
Case III. The information from the apical horn was removed.
Case IV. The antapical part was segmented and only the information regarding the epitheca of each specimen remained.
Case V. Only the hypotheca with the antapical horns remained.
Case VI. The information from both antapical horns was removed.
Comparison of the fragments of the six species in an intra-and interspecific manner
To observe the intra-and interspecific variation of each species fragment, the images and diffraction pattern correlations were fulfilled, in order to be able to compare cases I-V with case 0 by means of statistical analysis. The comparison of the six cases of the six species was fulfilled. The last comparison was done by selecting only the cases that have biological importance, i.e. those which can be counted as an individual. These cases were case 0, case I, case II, case III and case VI.
Algorithms used and statistical test
The fast Fourier transform of each image was performed in an Origin 2000 computer from Silicon Graphic with 10 R10000 processors of 195 MHz, and a main memory of 1280 Mbytes with an IRIS 6.4 operating system. The processing time for a 256 ϫ 256 matrix was 100 ms.
The correlations were made in the same computer by means of the computational algorithm described by Peón and Alvarez-Borrego (1990) . The processing time for each correlation was 500 ms.
A cluster multivariate statistical analysis was applied to each correlation group (images and diffraction patterns). This analysis clusters the correlations which have some similarities in their values and separates them from the correlations that do not. The results of clusters are the distances between each similar correlation group, this is called the link distance. The Euclidean distance was the one used. The technique used to link the groups of correlation values was the nearest neighbor, which is the shortest distance between two elements from different groups.
This process was performed in a PC 686 P150 computer of 150 MHz with 16 Mbytes of main memory and with a commercial program named STATISTICA® for WINDOWS®. The results are presented in a dendrogram plot, which presents the correlation groups in the x-axis and the link distance existing between each group in the y-axis. For a better understanding of the statistical technique, see Zupan (1982) .
Results and discussion
In Figure 1 , the six images of the six species of Ceratium that were used in this study are shown: C.furca, C.pentagonum, C.tripos, C.macroceros, C.dens and C.fusus.
From a total of 718 organisms belonging to the six species of the genus Ceratium, 718 images were obtained as well as their diffraction patterns. The problems analyzed were as follows. Figure 2a shows the different background conditions that were obtained applying the methodology described as (O) the original condition with detritus, (A) clear image and (B) contrasted image. It can be appreciated that the original condition (O) and the condition (A) are equal to a link distance of 0.78 ( Figure  2b) . However, the three background conditions are clustered at a link distance of 2.98, which indicates that the background is an important variable when the images are correlated. It can be noticed that the amount of detritus affects the background link conditions. In the case of this analysis, the amount of detritus found in the images was <50% of the total image coverage. However, the lighting intensity was the main effect in the different background conditions. From condition (B), in which the light and contrast conditions were extreme, it can be observed that the link distance increases 4.5 times more than the detritus effect and the little background intensity, which is condition (A) compared to the original condition (O).
Noise problem
On the other hand, where we clustered the diffraction patterns (Figure 2c ), we can observe that the effect of the three background conditions treated in this work presented a maximum link distance of 0.48, representing only 16% of the maximum link distance found in the images. It is also observed that in this analysis the detritus and the clear lighting condition (condition A) had an effect only when the maximum distance of 0.26 was used (<50% of what was found in the images).
From this section, we can conclude that there is a significant difference in the results obtained with the images and their respective diffraction patterns, resulting in 84% less background noise in the latter. 
Intraspecific problems: problem in the organisms' sedimentation position
In Figure 3 , we observe the sedimentation position effect in 40 C.dens organisms, i.e. in ventral or dorsal view (Figure 3a) . Figure 3b presents a clustering dendrogram of the image correlations. At a link distance of 0.41, it is observed that there is no difference between the different sedimentation views in 67.5% of the organisms studied (27 organisms). However, it is observed that 32.5% (13 organisms) which presented a ventral view differ from the previously mentioned group in a link distance equal to 0.74. This indicates that there is a strong variation in the correlations due to the following factors: sedimentation, lighting, morphological variation and detritus. In this case, from the total organisms analyzed, 60% (24 organisms) presented the ventral view in the image and 40% (16 organisms) the dorsal view.
Instead, in the diffraction patterns, the former effect did not cause a significant effect in the clustering (Figure 3c ), since it only presents a link distance of 0.23 (which is equal to 27% of the error that was found in the images) and the difference found between the maximum and minimum values in the link distance was 0.02%, which is negligible. Thus, we observe that there is a significant difference between both results. Therefore, by means of the diffraction patterns, it is possible to identify one species using any of the two sedimentation positions.
Natural morphological variation problems
In order to evaluate the natural variation of the morphology of each species that is present in different seawater samples, the results of the different image clustering and the diffraction patterns of 100 C.furca (Figure 4a ) and 100 C.dens organisms (Figure 4c ) are observed. The results were similar for both species.
In the image correlation clusterings (Figure 4a and c) , it can be observed that there is an effect in the link distance in the correlations, thus indicating that there are morphological differences that can be clustered as natural morphological variation (from four to five shapes in a link distance of 0.3) and a noticeable variation of shapes in a link distance of 0.98 for C.furca (Figure 4a ) and 0.96 for C.dens (Figure 4c ).
In the diffraction pattern correlation clusterings, it can be observed that at a link distance of 0.23 there is no morphological variation in organisms of the same species, either in C.furca (Figure 4b ) or in C.dens (Figure 4d) . Therefore, it can be said that any of the 100 organisms analyzed that were used as type organisms of these two species can identify the 100 organisms of each species if we use the diffraction patterns. Instead, if we use the images, we would have to use from four to five type organisms to identify these 100 organisms of the same species. This applies for both species.
Morphological variation is one of the problems that presents greater noise in an automatic identification analysis. Therefore, we can conclude that the morphological variations of the organisms which are important in the image correlations are not important in the diffraction pattern correlations, thus giving a more accurate identification using the diffraction patterns than using the images.
Interspecific problems
Discrimination of two species with 200 C.furca and C.dens organisms. In Figure 5 , the results obtained in the correlation clustering of 200 organisms, 100 C.dens and 100 C.furca, are observed. This is in order to observe the discriminating power of these two procedures (images and diffraction patterns) when comparing 200 images of two different species.
In Figure 5a , the results of the procedure are observed when image correlations are used. There are several image groups that associate to an equal link value and also there are image groups that are associated to different link distances, with a maximum value of 2.52. These combinations can become a confusion factor in the results.
On the other hand, in the diffraction patterns (Figure 5b ), when their correlations are clustered, only two groups are generated, one of each species, which present a link distance of 0.43. Each group represents 100 organisms of each species. Besides, in the same graph we can observe that the intraspecific variation of each species is from 0.2 to 0.3 as a maximum, which indicates that in the diffraction patterns a strong discrimination can be observed among organisms of different species and a strong association among organisms of the same species, which makes the correct identification of the organism in question easier, contrary to the results obtained based on the images.
Discrimination of six species of the genus Ceratium. In Figure 6a , we can observe the images of the six species of Ceratium. Each image is represented by three letters. The first letter represents the subgenus to which the species belongs (C = Ceratium, T = Tripoceratium, A = Amphiceratium), the second letter represents the species' initial letter (F = furca, P = pentagonum, M = macroceros, T = tripos, D = dens, and F = fusus), and the third letter represents the image of the whole species (O = whole species).
In Figure 6b , we observe the image correlation clusters and in Figure 6c the diffraction pattern correlation clusters. In Figure 6b , we notice that the maximum link distance reached is 0.55 and, in addition, there is a confusion in each subgenus cluster, which is shown with horizontal bars arranged on the upper part of each graph.
The bar with vertical lines represents the Ceratium subgenus (CFO = C.furca, CPO = C.pentagonum), the ones with horizontal lines represent the Tripoceratium subgenus (TMO = C.macroceros, TTO = C.tripos, TDO = C.dens) and the ones with crossed lines represent the Amphiceratium subgenus [C.fusus (AFO)]. We notice that the Tripoceratium bar contains 83.33% of the species analyzed, where two species foreign to this subgenus are confused in the cluster. In the same way, the Ceratium subgenus contains three species, confusing one species that belongs to another subgenus; we also notice that the Amphiceratium subgenus is clustered within the Tripoceratium subgenus.
Instead, in Figure 6c , we notice a link distance of 0.77 which is 40% greater than the images, thus giving a better discrimination among species. Also, in accordance with the horizontal bars, no overlapping problem exists in the three subgenera; therefore, we can say that the diffraction patterns present a good interspecific discrimination with respect to the subgenera and a strong intraspecific association among the same subgenus species.
The difference between the discriminating power of the six species of the genus Ceratium from the two results is significant (at the 95% confidence level) in a difference of 60%, which gives the diffraction patterns a discriminating power 40% greater than in the images. This quality is an important factor in the identification system of these species.
Problems with fragmented specimens of the six species of the genus Ceratium. In Figure 7 , the different cases which were used to analyze the problems with the fragmented species are presented. The cases are: original or whole image (0), case I without right antapical horn (1), case II without left antapical horn (2), case III without apical horn (3), case IV with only the apical part (4), case V with only the antapical part (5) and case VI without both antapical horns (6). Each case was analyzed with respect to the original image, and the intraspecific and interspecific variation of each fragment analyzed was also observed. In Figure 8a , b, c and d, we observe four conditions for comparison of fragmented species with respect to the whole specimens of each species. The nomenclature used was similar to that previously described in Figure 6a , except that to represent each case the third letter was changed depending on the corresponding case number (0, 1, 2, 3, 4, 5 and 6; see Figure 7 ). Figure 8a presents the comparison of case I with respect to the original image of each species. In the left graph, we show the image correlation clusters, and in the right graph those given by the diffraction patterns. It is observed that the images present a better association between case I and the original image of each species, but less discrimination among species and, in addition, there are problems in the species clusters of each subgenus. In the diffraction patterns case, even though they present a better association between case I and the original image of each species, this is good, since they present a link distance of 0.2 or less. Besides, it can be noticed that there is a discrimination greater than a link distance of 0.28 among species, and an excellent association of a link distance of 0.11 among each subgenus species.
In Figure 8b , we have these correlation clusters represented for case II and the original image of each species; a similar behavior to the one described for case I is presented. However, the diffraction patterns (right) present a discrimination among the species greater than a link distance of 0.3, compared to the images (left) which present a discrimination less than a link distance of 0.3 for most species.
In Figure 8c , the behavior for case III and the original image is observed. In this case, the images (left) do not present a strong association among the case III images and the original images of each species. Besides, there is not a good association among images of the same species subgenus, confusing the original image of the C.dens species (TDO) belonging to the Tripoceratium subgenus with the species of the Ceratium subgenus (CF3 = C.furca, case III, and CP3 = C.pentagonum, case III). Instead, there is an increase in the link distance between case III and the whole species in the diffraction patterns, but it does not differ much from the previous case associations. Besides, this case presents a strong association among each species subgenus (link distance < 0.4) and a greater discrimination at 0.28 among the subgenera.
In Figure 8d , the comparisons of cases IV and V are presented, which are those when the specimen presents the apical part [case IV, (4)] and the antapical part [case V, (5)] of the species compared to the whole species image. Less discrimination is noticed on the images (left) in the diffraction patterns, the value being 0.59; for the diffraction patterns (right), the link distance value is 0.73. There is some confusion in the cases clustered on the images with respect to each whole image of most species. This behavior is also noticed in the diffraction patterns, which indicates that in the cases when the species is fragmented, its identification is very difficult; however, when a species has this degree of segmentation in a sample, biologically, it is not counted as a live individual. The diffraction patterns show that when these individual cases are encountered, they are associated to a distance >0.3 and there is no discrimination among them, thus resulting in the non-identification of these species fragments, which is indeed useful for an analytical system.
From this section, we can conclude that the diffraction patterns will not associate other species fragments, due to their discriminatory power. On the other hand, case I and II are the fragments which present an important characteristic in the identification of these specimens, since they are not so easily recognized in the others. Finding horns is a major factor in the species identification.
In Figure 9 , the clusters of the correlation of the six cases of segmentation of the species are shown (see Figure 7) . The nomenclature of the analysis for each species was as follows: a letter identifying the species and numbered from 0 to 6 which identifies the cases, A was for the species C.furca, B for C.pentagonum, C for C.macroceros, D for C.tripos, E for C.dens and F for C.fusus. Figure 9a represents the images and Figure 9b the diffraction patterns. In both treatments, the maximum link distance was almost the same [0.76 for the images (Figure 9a ) and 0.77 for the diffraction patterns (Figure 9b) ]; no problem existed in either treatment with regard to the fragment association of the species C.macroceros (C0 . . . C6) or in the fragments of the species C.fusus (F0 . . . F6). The same fragments of the species C.furca were associated in the same manner; these were A0, A1, A2, A3 and A6, having the same problem of not associating correctly the cases where the species are fragmented in half (cases 4 and 5). However, the diffraction patterns presented better discrimination of these fragments than the fragments of the other species. For species B (C.pentagonum), the same fragments (B0, B1, B2 and B6) were clustered in both treatments. There were problems in this species with fragment B3 which represents the species without the antapical horn, which was confused with the same case (E3) of species E (C.dens). The consistency can also be observed when there is a greater discrimination among these fragments with respect to the other fragments in the diffraction patterns; in the case of species D (C.tripos), there was indeed a better association among their fragments in the diffraction patterns than in the images, since the diffraction patterns associated the fragments of cases 0, 1, 2, 3 and 6. Instead, the images associated only fragments 0, 1, 2 and 6 of this species. Besides, we can notice again the consistency in the discrimination of the fragments of this species with respect to the others. This is something that does not happen in the images where the fragment association is among other species fragments such as B4 (C.pentagonum, case IV) and E4 (C.dens, case IV), respectively. In species E (C.dens), the same fragments were associated in both treatments (E1, E6, E2 and E0), the only difference was a greater degree of fragment discrimination with respect to the others in the diffraction patterns.
The results obtained in this comparison are possibly due to the effect caused by the fragments of cases IV and V, which do not have a biological meaning and which present a large confusion factor, as observed in Figure 8d . Figure 10 shows the cases where there is with certainty a specimen, when there is this cell fraction, and not having the uncertainty of counting the same specimen twice. These cases are I, II, III and VI, using the same nomenclature as the previous figure (Figure 9 ). Figure 10a represents the images and Figure 10b the diffraction patterns. In general, the diffraction patterns presented a better association among each species' fragments and a greater link among species. That is, when we see the analysis with the fragments that present a biological meaning in both treatments they are confused only once, which is the comparison of fragment E3 (C.dens, case III) with B3 (C.pentagonum, case III).
Nevertheless, they consistently present the same properties in the results, based on the diffraction patterns, which are the strong intraspecific association and the strong interspecific discrimination of these species fragments.
Conclusions
The four hypotheses that were presented at the beginning of this paper were proved.
The results of analysis of the correlations of the image diffraction patterns and of the correlation of the images showed the following.
1. With the diffraction patterns, a minor noise from the image background, from the variation in cell sedimentation, from the species' morphological variation and from the intraspecific problems is obtained. 2. The diffraction patterns presented a better association and a higher correlation value among the same species subgenus than with another subgenus of the genus Ceratium.
3. The diffraction patterns presented a better association among the fragments that have a biological meaning in each species of the genus Ceratium.
These advantages in the image diffraction patterns can be of some use for obtaining more reliable results when carrying out an automated quantification and identification of phytoplankton species.
